Abstract -Selective bromination of sucrose, followed by acetalation with 2,2-dimethoxypropane in 1,4-dioxane in the presence of p-toluenesulfonic acid, afforded methyl 6-bromo-6-deoxy-1,3-O-isopropylidene-α-D-fructofuranoside (4). The first chemical synthesis of 6-thio-D-fructopyranose was accomplished from 4 through its 6-S-acetyl-6-thio derivative. Furthermore 1 was found to be significantly sweeter than D-fructose and has been studied as for the structural and mechanistic aspects associated with sweetness. The use of these enzymatic procedures for synthesis of 1 is ascribed to the lack of an efficient chemical process to obtain the versatile key precursors from readily available sugar materials. 
afforded methyl 6-bromo-6-deoxy-1,3-O-isopropylidene-α-D-fructofuranoside (4) . The first chemical synthesis of 6-thio-D-fructopyranose was accomplished from 4 through its 6-S-acetyl-6-thio derivative.
Various thiosugars containing a sulfur atom in the hemiacetal ring 2 have been synthesized because of wide interest in their chemical and biological activities. Some of them interfere with enzymes involved in the recognition of their natural counterparts; e.g., 5-thio-D-glucose shows a potent, competitive inhibitor of cellular D-glucose transport, 3 whereas 5-thio-L-fructose exhibits a strong α-fructosidase inhibitory activity. 4 Thiosugar analogs of D-glucosamine and D-mannnosamine are potentially useful owing to their inhibitory activity in the biosynthesis of important constituents of higher animal cell walls. 5 Among these thiosugars, 6-thio-D-fructopyranose (1) has drawn interest because it shows various antiradiation properties in cells. 6 Furthermore 1 was found to be significantly sweeter than D-fructose and has been studied as for the structural and mechanistic aspects associated with sweetness. The use of these enzymatic procedures for synthesis of 1 is ascribed to the lack of an efficient chemical process to obtain the versatile key precursors from readily available sugar materials. obtainable by acetalation of D-fructose with 2,2-dimethoxypropane in the presence of tin chloride, followed by tosylation but its yield remains rather low (23%). 
Scheme 1
For an alternative leaving group at C-6 of the D-fructofuranoside derivative, we have chosen a bromo substituent which is available for the direct replacement of primary hydroxy groups (Scheme 1).
Acetalation of sucrose with 2,2-dimethoxypropane in 1,4-dioxane in the presence of p-toluenesulfonic acid at 80 °C afforded a mixture of acetals, 12 which was then treated with carbon tetrabromide (1.5 mol equiv.) and triphenylphosphine (3 mol equiv.) in pyridine at 70 °C to provide methyl 6-bromo-6-deoxy-1,3-O-isopropylidene-D-fructofuranoside (4) in 52% yield, together with acetals of D-glucose. 13 As an alternative approach for the preparation of 4, we intended to reverse the order of acetalation and introduction of a leaving group.
Tosylation of sucrose using tosyl chloride (2 mol equiv.) in pyridine has resulted in the isolation of 6,6'-di-O-tosylsucrose in ca. 20% yield, 14 suggesting that this reaction sequence is unsuitable for preparation of the 6-O-tosyl derivative (3). Selective bromination of sucrose with carbon tetrabromide (3 mol equiv.) and triphenylphosphine (6 mol equiv.), 15 on the other hand, turned out to afford 6,6'-dibromo-6,6'-dideoxysucrose (5) 6-deoxy-6-amino-, 19 and 6-deoxy-6-phosphinoyl-D-fructoses. 11, 20 An efficient preparation of 6-thio-D-fructofuranose (1) from 3 and 4 was achieved by the sequence illustrated in Scheme 3. Namely, the 6-O-tosyl and 6-bromo compounds (3, 4) were acetylated with acetic anhydride-pyridine to afford the corresponding 4-O-acetyl derivatives (9,10), respectively.
Treatment of the 6-O-tosylate (9) with potassium thioacetate in DMF at 100 °C provided the 6-S-acetyl-6-thio derivative (11) Removal of the protecting groups of 11 was carried out in the following two steps. The acetal moieties of 11 were cleaved by the action of 0.5 M hydrochloric acid at 50 °C for 1 h to afford the D-fructofuranose derivative (12) . The acetyl groups of 12 were then removed by treatment with sodium methoxide in methanol at room temperature to provide 6-thio-β-D-fructopyranose (1), which was then purified and characterized as the tetraacetate (13) 21 (79% overall yield from 11).
Scheme 3
Present work thus demonstrates the first chemical synthesis of D-fructopyranose thiosugar (1) from appropriate D-fructofuranoside derivatives (9,10). The 6-bromo-6-deoxy derivative (10) derived from sucrose in a satisfactory yield can be regarded as a highly useful precursor for C-6 substituted D-fructose derivatives. 
